Abstract. The spectroscopic orbit of a high proper motion star, BD+20 5152, is calculated from 34 CORAVEL-type radial velocity measurements. The star has a slightly eccentric orbit with a period of 5.70613 d, half-amplitude of 47.7 km/s and eccentricity of 0.049. The center-of-mass velocity of the system is -24.3 km/s. BD+20 5152 seems to be a triple system consisting of a G8 dwarf as a primary component and of two K6-M0 dwarfs as secondary and tertiary components. This model is based on the analysis of its UBVRI and JHK magnitudes. According to the SuperWASP photometry, spots on the surface of the primary are suspected. The excessive brightness in the Galex FUV and NUV magnitudes and a non-zero eccentricity suggest the age of this system to be less than 1 Gyr.
INTRODUCTION
The star BD+20 5152 (J2000: RA = 22 h 26 m 14 s , DEC = +21
• 32 ′ 10 ′′ ) has been included in the program of radial velocities of Population II stars (Bartkevičius & Sperauskas 2005a) owing to its high proper motion, µ α = 186.4 and µ δ = 151.0 mas/yr (SIMBAD), and significant ultraviolet excess, δ (U -B) = 0.22, detected by Sandage & Kowal (1986) . As a high proper motion star it was spotted by Luyten (1957) and included in his catalog as LTT 16569. This star is also known as G 127-31 in the Lowell Proper Motion Survey (Giclas et al. 1971) . From 280 A/mm dispersion objective prism spectra Lee (1984) has classified BD+20 5152 as K0.
The variability of BD+20 5152 with a period of 2.8894 d and amplitude of ∼ 1% has been detected (SuperWASP survey, Norton et al. 2007) . In that survey the star has a designation 1SWASP J222614.44+213209.6. The positional coincidence between this star and the ROSAT X-ray source 2RXP J222613.9+213219 was also noted. However, due to uncertainties in the positions of ROSAT (2000) sources, such match might be ambiguous. For example, Flesch & Hardcastle (2004) have identified the same X-ray source as a quasar with B = 17 mag. Furthermore, BD+20 5152 was not included as a X-ray source in the ROSAT all-sky survey catalogs compiled by Voges at al. (1999 Voges at al. ( , 2000 . The star also turned out to be a radial velocity variable. Seven measurements of its radial velocity obtained by Fouts (1987) are spread over a range of +22.8 to -74.5 km/s.
In this paper, orbital parameters for the primary component of the spectroscopic binary BD+20 5152AB are obtained from 34 new radial velocity measurements. This continues publishing spectroscopic orbits for the stars selected as candidates for Population II objects (Bartkevičius & Sperauskas 2005b Bartkevičius, Boyle & Sperauskas 2008 The measured radial velocities are given in Table 1 , together with heliocentric dates, phases and residuals O-C calculated from the orbital elements presented in Table 2 . 7.848 0.013 ± 0.027 ± 0.022 ± 0.019 ± 0.022 ± 0.022 ± 0.035 ± 0.027 ± 0.024 Figure 1 shows the radial velocity curve of BD+20 5152. The diameter of points in the figure is almost equal to the mean error of observations (± 0.7 km/s ). Radial velocities measured by Fouts (1987) are also plotted for comparison, but owing to their large errors (± 4.7 km/s), these values have not been used for the orbital solution. It is intriguing that BD+20 5152, supposed to be an old Population II star, has a short orbital period, 5.7 d, with the eccentricity significantly different from zero (e = 0.049). According to the Goldman & Mazeh (1991) approximation to tidal circularization of orbits of short-period binaries, the time scale of this process is proportional to the 10/3 power of the period. Thus, the circularization time should be only 0.7 Gyr for a binary star with P = 5.7 d.
THE COMPONENTS
Using the 280Å/mm dispersion spectra, obtained with a 4
• objective prism, Lee (1984) has classified BD+20 5152 as a K0-type star without any note about its possible binary nature or similarity to subdwarfs. Our CORAVEL radial-velocity measurements indicate no secondary component by any dip in the cross-correlation curve. So, this can mean that the secondary component is at least 2.5 mag fainter than the primary. Using the Hipparcos parallax 12.21 ± 1.88 mas (van Leeuwen 2007) and V and E B−V values given in Table 3 , we obtain M V = 5.3 ± 0.3 mag for the main component. This means that the primary is a main sequence G5-G8 star of mass 0.95 to 0.90 M ⊙ . Then, according to the mass function for a binary system, the minimum mass of the secondary is 0.48 M ⊙ , its spectral class earlier than M2 and M V < 10 mag. For these evaluations the calibration of MK spectral type in terms of M V and M ⊙ is taken from Straižys (1992) .
Additional evaluation of components of the system was made by comparing its UBVRIJHK magnitudes with the same magnitudes for different MK spectral types taking into account the following.
(1) The weighted mean colors derived from Sandage & Kowal (1986 (Bessell 1983; Taylor et al. 1989 ). Therefore, V -R and R-I colors have been reduced to the standard Cousins system by means of Taylor's equations (8) and (13).
(b) 2MASS JHK s photometry (Cutri et al. 2003 ) was transformed to the Bessell & Brett homogenized system by the relations given by Carpenter (2001) .
(c) E B−V = 0.045, the value of extinction along the line of sight, derived by the Schlegel et al. (1998) 
method
1 . This value was reduced to 0.013 mag using the Abt & Golson (1962) factor 1 − exp (−H · r · sin(b)), where r = 82 pc is the star distance taken from van Leeuwen (2007), a constant H = 0.008 pc −1 determined by Bond (1980) and b is the Galactic latitude of the star.
Intrinsic UBVRI colors for MK spectral types were taken from Straižys (1992) and JHK colors from Bessell & Brett (1988) . MK spectral types for the components of BD +20 5152 were selected by using the criterion ∆ min = ((
2 )/(N − 1)) 0.5 . Three different cases are investigated: (1) only the primary component is considered, i.e., the secondary component is much fainter and its flux can be neglected, (2) the system is composed from two stars of different spectral types, and (3) the star is treated as a triple system. The last case was considered due to the conclusion by Tokovinin et al. (2008) that about 70% of spectroscopic binaries with periods close to 6 days are members of triple systems.
The results of magnitude comparison in different wavelengths are given in Figure 2 , where the solid line corresponds to the values of ∆ min obtained by summing the errors in measured magnitudes of the star (Table 3 ) and the magnitude errors originating from uncertainty of MK spectral types. The latter errors are accepted as differences in magnitudes corresponding to differences in spectral type of 0.5 sublass. It is obvious that this line indicates a limit of the validity of the ∆ min criterion due to the magnitude errors.
As we can see from Figure 2 , the best fit of BD+20 5152 photometry to the model is achieved when this star is treated as a triple system consisting of a G8 V star as the primary and two K6-M0 V stars as the secondary and tertiary components.
In Figure 3 we plot the two-color FUV-NUV vs. NUV-V diagram based on the GALEX All-Sky Survey photometry 2 and the magnitude V for the following types of stars: (1) white dwarfs taken from Lajoie & Bergeron (2007) ; (2) mainsequence stars (MK standards) in the interval of spectral classes G2-G8 and colors B-V = 0.61-0.77 from the list of Garcia (1989) and measured by GALEX; (3) two Hyades cluster dwarfs, HD 26736 (B-V = 0.66) and HD 26756 (B-V = 0.70) from Smith et al. (1991) . For these two stars a high level of chromospheric activity has been indicated by a low value of index I (Mg II) derived from the IUE spectra. In the FUV-NUV vs. NUV-V diagram, BD+20 5152 is located in close vicinity of chromospherically active stars and far from normal G-type stars. Closest to it is the standard G2.5-type star, HD 140538, which was also classified as a high activity variable star (Hall et al. 2007 ). An excess of ultraviolet flux of BD+20 5152 cannot be explained by the presence of a cool white dwarf, since for the distance modulus V -M V = 4.5 its NUV and FUV magnitudes should be ∼ 4 mag fainter than those measured by GALEX: NUV = 15.56 mag and FUV = 21.12 mag. Consequently, we conclude that the ultraviolet excess originates in the star itself, possibly due to chromospheric activity. In the Norton dataset, time intervals with a high level of variability, lasting several tens of nights, can be identified. In the upper panel of Figure 4 we show all measurements of 2007. In the lower panel we show a sinusoidal curve fitted to the individual measurements obtained during 25 successive nights, when the variability was quite strong, and the average fluxes for each night. The parameters of the curve are: P = 5.88 ± 0.04 d and A = 1.12 ± 0.02 in the flux with a S/N amplitude ratio of 4.1, determined by Fourier analysis in the software package Period04 (Lenz & Breger 2005) . The S/N amplitude ratio calculated with a period of 2.9 d is about twice lower than the limit value of 4.0 evaluated by Breger et al. (1993) at which the frequencies of intrinsic variability can be distinguished from noise. Comparable parameters we also obtained for the observations during 31 nights in 2006: P = 5.9 ± 0.03 d and A = 0.97 ± 0.02. It is possible that such a variability could be generated by the presence of spots on the star surface, modulated by axial rotation of the star with a period close to 6 days. This rotation causes the broadening of cross-correlation functions (CCF) measured with the Coravel, and this makes possibile to use the width (FWHM) of CCF to estimate the rotation velocity (Baranne et al. 1979) .
For this purpose in values of these two stars are 1.8 km/s and 1.4 km/s, respectively (Valenti & Fischer 2005) . The FWHM of the Gaussian fits to the measured CCF is 15.3 ± 0.1 km/s and 15.6 ± 0.1 km/s for G5 V and K0 V stars respectively, and 18.3 ± 0.4 km/s for BD+20 5152. In the case of BD+20 5152, the FWHM was also calculated after eliminating the influence of the radiation from the two other components. Two K8 V type stars, as secondary and tertiary components, increase the total brightness of the system by about 0.15 mag. Therefore the measured CCF by such amount decreases. As a result, the FWHM of BD+20 5152 increases by about 20% in comparison with slowly rotating standard stars. In accordance with our preliminary calibration of FWHM in v sin i, the projected rotational velocity is 8.5 ± 2 km/s. In the case of i = 90
• , the star rotates with the period P = 8 ± 2 d. This value is quite close to the period of variability detected from SuperWASP photometry. For G5-K5 dwarfs the area of the dip of CCF only marginally depends on temperature, but remains strongly dependent on metallicity. The area of the dip for BD+20 5152, 4.45 ± 0.2 km/s, is almost of the same size as for the standard stars G5 and K0: 4.38 ± 0.1 and 4.53 ± 0.05 km/s, and we conclude that the metallicity of these stars is also similar.
CONCLUSIONS
Using 34 radial velocity measurements we calculated the following orbital parameters for the spectroscopic binary BD+20 5152AB: P = 5.70613 d, K 1 = 47.7 km/s, e = 0.049 and a sin i = 5.37 R ⊙ . Modeling of spectral energy distribution of the star with UBVRI and JHK photometry suggests that BD+20 5152 is probably a triple system consisting of a G8 V type star as the primary component and two K6-M0 V stars as the secondary and tertiary components. Accepting masses 0.93 M ⊙ and 0.58 M ⊙ for these types of stars from Straižys (1992) and using the mass function calculated for the spectroscopic binary, we estimate its orbit inclination i = 65
• and a distance of 15.4 R ⊙ between A and B components. Radial velocities of this system were monitored during a four year period. The fitted curve shows no deviations larger than 2 σ. Consequently, no effects of the motion of the AB system in the outer orbit (the binary system and the third component) were detected. In the case of circular orbit and P > 2∆T yr, the semimajor axis of the outer orbit is a > 6 AU or > 70 mas and A ab < 6 km/s. Such high amplitude of radial velocity variation should be easily detected. Therefore, either the semi-major axis of the third component is much larger than 6 AU or the inclination angle of the orbit is rather small. The flux excess of BD+20 5152 in the NUV and FUV passbands, the variability similar to that of the spotted stars, and the slightly eccentric orbit -all this give strong arguments in favor of this system being rather young and chromospherically active, with the age ≤ 1 Gyr.
